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TECHNICAL NOTE
Endovascular total aortic arch replacement by in
situ stent graft fenestration technique
Björn Sonesson, MD, PhD,a Tim Resch, MD, PhD,a Mats Allers, EBCP,b and
Martin Malina, MD, PhD,a Malmö, Sweden
Open surgical total aortic arch replacement is a demanding procedure which carries a substantial morbidity and mortality. A
less invasive endovascular option is endovascular stent grafting using in situ fenestrations. After thoracic stent graft
deployment in the arch, fenestrations are made for the major arch vessels. During this procedure, antegrad cerebral perfusion
is maintained using a temporary bypass from the left femoral artery to both carotids perfusing both the anterior and posterior
cerebral circulation. The endovascular technique and devices used are herein described. (J Vasc Surg 2009;49:1589-91.)Aortic arch treatment remains a major challenge partic-
ularly in the emergency setting. Whereas open repair re-
quires deep hypothermia and bypass, endovascular repair is
limited by technical challenges in this anatomically complex
region.1 Debranching and elephant trunk repairs, chimney
techniques,2 and bifurcated devices3 have been described
and represent transitional techniques bridging to a com-
plete endovascular option.
A simpler approach is in situ arch vessel fenestration
after stent grafting, maintaining cerebral perfusion with a
temporary arterial shunt. So far, only fenestrations for the
left subclavian artery (LSA)4 have been described.
CASE REPORT
A 62-year-old man, previously healthy, presented with initial
circulatory collapse and chest pain. A computed tomography (CT)
scan revealed rupture of the aortic arch opposite the brachioce-
phalic trunk and a hematoma in the ascending aorta and medias-
tinum (Fig 1). Since the patient was a Jehovah’s witness and
refused blood transfusion, he was declined open surgery. In our
hybrid operating room, a temporary transvenous pacemaker was
placed for rapid pacing. Cerebral perfusion was monitored using
INVOS cerebral oximeter (Somanetics Corporation, Troy, Mich).
Both common carotid arteries (CCAs) and the left common
femoral artery (CFA) were exposed. Heparin was given to achieve
an activated clotting time300 seconds. Eight mm polytetrafluo-
roethylene (PTFE) conduits (Gore, Flagstaff, Ariz) were anasto-
mosed to the CCA and connected to 16F shunt tubing from the
left CFA (Medtronic VAD system pediatric with Carmeda heparin
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cludes a Medtronic Biomedicus centrifugal pump with a built-in
flow meter. Shunt cooling was achieved with a loop of the tubing
set placed in an ice bath and a drop of 5° between femoral and
carotid blood was registered by an infrared thermometer (Fig 2).
Both carotids were catheterized retrogradely proximal to the con-
duits. In the left carotid, a 6F introducer (Radiofocus, Terumo,
Tokyo, Japan) was placed at the take-off of the left CCA.
On the right side, two introducers, one 5 and one 6F, (Radio-
focus) were placed; one to access the thoracic stent graft and the
other for a diagnostic catheter in the ascending aorta. A thoracic
stent graft COOK ZTEG-2P-42-216, Bjaereskov, Denmark) was
introduced percutaneously through the right CFA and positioned
1.5 cm above the coronary artery ostia.
Antegrade cerebral perfusion was started at 350-400 mL/
minute and a mean blood pressure (BP) of 50 mm Hg. The
INVOS registered levels above baseline after antegrade perfusion
was commenced indicating adequate cerebral perfusion.
Before stent graft deployment, pacing to 220/minute was
initiated with a resulting BP drop to 50 mm Hg.
A 20-cm long, 20-gauge special needle (Mediplast, Malmö,
Sweden) was used to puncture the stent graft through the left 6F
CCA introducer. A 0.014 coronary wire (Shinobi, Cordis, Miami,
Fla) was then passed into the stent graft. The graft perforation was
sequentially dilated with a 2-mm balloon (Maverick, Boston Sci-
entific, Galway, Ireland) and a 3-mm cutting balloon (Boston
Scientific, Letterkenny, Ireland). After this, a percutaneous ne-
phrostomy access set (COOK) was placed into the stent graft to
exchange the 0.014 wire to a 0.035 wire (Amplatz super stiff,
Boston Scientific, Natick, Mass) placed in the ascending aorta. The
6F introducer was exchanged for a 7F Flexor sheath (COOK) and
a balloon-expandable stent (Visi-Pro 8/37, EV3, Plymouth, Mass)
was deployed through the fenestration. Due to proximity of the
stent to an aortic stent graft strut, some waisting occurred but this
resolved after high pressure PTA (Conquest 8 mm, Tempe, Ariz).
For reinforcement, another Visi-Pro stent was placed inside the
first.
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despite severe tortuosity (Fig 3). The LSA was intentionally cov-
ered by the stent graft.
Antegrade cerebral perfusion was stopped and angiography
showed good alignment of the thoracic stent graft and patency of
both fenestrations (Fig 4). The conduits were oversewn and the
puncture holes closed.
The patient was put on antiplatelet therapy, recovered well
Fig 1. Rupture of the arch on axial computed tomography (CT)
image.
Fig 2. A diagram of the shunt circuit.postoperatively, and a CT angiography scan at discharge 5 dayslater showed patent fenestrations. At 1 month, a CT scan
showed patent arch vessels and no signs of stent graft compli-
cations. The patient was doing excellent without any neurolog-
ical events (Fig 5).
DISCUSSION
In situ fenestrations for the arch vessels were success-
fully made in a thoracic stent graft during concomitant
cerebral protection via a temporary bypass from the left
femoral artery to the carotids with cooled blood. To the
best of our knowledge, this is the first report of this tech-
nique in man.
The technique and devices for this procedure are avail-
able in most endovascular centers and can be used in
emergency situations. The in situ technique is intuitively
simple since stent graft orientation in the arch becomes
unimportant in contrast to other devices that are sensitive
to malrotation and errors in planning.
Future development aims to use only percutaneous
sheats, however, in this case carotid conduits were used for
several reasons: firstly, they preserved both the anterior and
posterior brain circulation during the fenestration proce-
dure. In the right carotid artery (CA) the blood flow was
indeed both ante- and retrograde to the subclavian and
vertebral artery. We were concerned that direct shunt in-
sertion would block retrograde flow. If only sheats had
Fig 3. After the hole has been dilated with a cutting balloon, it is
possible to pass a nephrostomy introducer and exchange for a
0.035 Amplatz wire. A 7F flexor sheat is advanced through the
hole and a balloon-expandable stent is deployed. This is shown for
the left carotid artery. The arrow shows the undeployed balloon-
expandable stent in the brachiocephalic trunk with the introducer
withdrawn.been used, one placed in the right brachial/subclavian
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posterior circulation. The conduits also avoid unnecessary
traction of the CA and do not need clamping for bypass
closure. The flow necessary for the brain during the fenes-
tration procedure is 300-400 mL/minute and this can
probably be achieved without using a pump (unpublished
data) if the patient is hemodynamically stable. As a precau-
tion, we used a pump to support the bypass. Adequate
Fig 4. Final angiogram showing the thoracic stent graft with
fenestrations to the brachiocephalic trunk and left carotid artery.
Fig 5. A 3-D reconstruction of the arch 1 month post-op with
stents in the brachiocephalic trunk and left carotid artery.blood flow was determined with the INVOS system thatshowed levels above baseline during the perfusion. The
fenestration procedure with puncture and successive dila-
tion was quite simple allowing accurate stent placement.
Bench testing performed had shown that smooth holes
were created without causing fabric tear. Both fenestrations
were made quite close to the stent graft struts resulting in
stent impingement which was resolved by high-pressure
ballooning. Additional balloon-expandable stents were de-
ployed to reassure long-term patency.
In this particular case, seal was achieved by the stent
graft itself obviating the need for covered stents. If the arch
had been aneurysmatic, it would have been easy to use
either balloon- or self-expandable covered stents for sealing.
Another important detail is the angiography catheter
placed from the brachiocephalic trunk and not from the
groin. This offered a bail-out if the in situ fenestration
would have failed. This access could then have been used to
place a long chimney stent graft from the ascending aorta
proximal to the thoracic stent graft into brachiocephalic
trunk. The conduits could then be used to complete a
carotid-carotid bypass achieving complete circulation to
the brain.
However, while immediate (up to 1 month) technical
feasibility is demonstrated, the long-term durability associ-
ated with this technique remains unknown. There is a
chance that the balloon-generated fenestrations will rub on
the adjacent stent causing a fabric tear. This might result in
inter-component connection failure compromising both
hemostasis and stability in the long-term, given the con-
stant movement of the arch and the lack of an inter-
component overlap. The issue of creating fenestrations as
well as reinforcing them is now being addressed in our
institution.
In conclusion, in situ fenestration for arch vessels is
feasible and can be done with devices available in most
endovascular centers. It also has the potential for partial
arch reconstruction for left subclavian and left carotid artery
fenestrations in descending thoracic aortic pathologies
where no proximal landing zone is available.
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